Operative care is one of the major areas of healthcare services as over 310 million surgeries are conducted yearly. Surgery cancellations is a widely used indicator when evaluating the quality of preoperative care. Cancellations cause financial lost for organizations, however there is only limited research about the costs. The aim of this study was to evaluate the cost of elective day of surgery (DOS) cancellations in 13 operative specialties at a university hospital in Finland between September 1, 2015 and May 31, 2016 after a structured preoperative protocol was implemented to practice and a cancellation rate of 4.7% was recognized. Procedure prices conducted the data for the research and were collected from the hospital's invoicing system. Financial loss and savings of cancellations were calculated from the total cost of procedures. As a result the total cost of DOS cancellations during the nine-month time period was 953,374.27 euros and mean loss of a single cancelled operation was 2,459.91 euros. The total of material savings for the hospital were 106,917.33 euros. As a conclusion, DOS cancellations cause unnecessary wastage, and financial aspects should be followed and evaluated systematically by setting goals and providing continuing developments.
INTRODUCTION
The hospital sector is the largest component of health care spending in the Organization for Economic Co-operation and Development (OECD) and European Union (EU) countries. [1] Surgery is one of the major areas of healthcare services. Globally, approximately 312.9 million operations are conducted every year. [2] According to study results of a cross-sectional and longitudinal study conducted in USA the mean cost of one minute of operation room (OR) time is approximately 36-37 US dollars. [3] Day of surgery (DOS) cancellations are a recognized problem in perioperative care and one of the nursing-sensitive quality indicators in perioperative care. [4] A single cancellation causes personal and economic harm for the patient [5] and resource related waste for organizations. [6] Cancellation occurrences vary widely across health care organizations; the highest rate may be more than 700 times higher than the lowest. [7] Studies published since 2016 report variable elective DOS cancellation rates of 4.4% (tertiary care teaching hospital in Lebanon), [8] 4.7% (university hospital in Finland), [9] 8.8% (pediatric ambulatory surgery center in the US), [10] 26% (regional hospital in Oman), [11] and 44.5% (general hospital in South Africa). [12] Similar to cancellation rates, costs of surgical procedures vary across countries and are related to the type of procedure. [7, 13, 14] The development of surgical processes is encouraged as a way to reduce unnecessary costs. [1] Practices for enhancing high-quality, safe and cost-effective perioperative processes have been implemented worldwide in recent years. Preoperative cost effectiveness requires optimization of the surgical process and patient specific management. [15] A patientcentered approach to the reform of preoperative care has led to positive change, decreasing DOS cancellations and average length of stay and increasing patient volume, OR use, the number of patients admitted on the DOS, and patient satisfaction. [9, 16-23, 23-28, 28] "Cost" is defined as the amount of hospital expenditures for resources used to deliver care. [13] Operational costs in the OR depend on start times, turnover times, cancellation rates, supplies, equipment, and staffing. [30] The development and remodeling of surgical processes to achieve cost effectiveness have been encouraged. Researchers have been careful in measuring the economic impact of these changes, although evaluation based on cost is recommended. [16, 26] The aim of this study is to measure the financial cost of DOS cancellations. Data are drawn from a university hospital's 13 operative specialties after the implementation of an evidence based, structured preoperative protocol. [9, 31] Literature review A literature review of costs of DOS cancellations was conducted in PubMed and CINAHL in 2010-2017 using keywords such as "surgery", "operation", "cancellation", "cost", and "evaluation". Articles included in the literature review are presented in Table 1 . A total of six academic journal articles reported on costs of cancellations. Four articles were published in the United States, [32] [33] [34] [35] one in Brazil, [36] and one in South Africa. [12] In addition, an editorial article published in the United States discussed OR time costs and suggested using an average cost of 15 to 20 US dollars per OR minute for a basic surgical procedure, excluding physician costs. [13] The earliest cost evaluation was based on data collected in 2004, [36] and the latest used data from 2014. [12, 35] Calculations of surgery cancellation costs were based on several different indicators: wasted OR time, [32, 33] hospital and physician data, such as the average surgeon fee for the planned procedure, including the average hospital facility fee per minute based on planned surgical time, [34] an organization's annual statistics on what were considered unnecessary inpatient days, [12] and nurse-led preoperative assessments. [35] Costs of cancellations were measured after preparation of the operating room and during the operation, costs were divided into four parts: materials, fees, medication, and human resources. [36] The average cost of a cancelled operation in the US is approximately 5,000 to 8,000 US dollars. [33] [34] [35] In South Africa, the cost is approximately 2,000 US dollars, [12] and in Brazil, it is 30 US dollars. [36] Wasted OR suite minutes cost 10 to 20 US dollars per minute on average in the US. [13, 32] Research on the financial cost of DOS cancellations is limited, and more evidence-based studies are needed to promote understanding of the costs of cancelled operations.
METHODS

Aims
The aim of this study is to measure the financial cost of DOS cancellations using procedure prices for a university hospital's 13 operative specialties during a nine-month period.
Research site
The research was conducted at a university teaching hospital in Finland. The hospital is responsible for specialized medical care for nearly a million inhabitants and provides care in all surgical specialties. The hospital has 26 operating theaters where approximately 22,000 procedures are conducted yearly. OR staff work in elective surgery setting mainly Monday to Friday between 7:00 a.m.-3:30 p.m.
The hospital put a structured, evidence based preoperative protocol into clinical practice in all 13 operative specialties (gastrointestinal surgery; pediatrics; hand surgery; cardiac and thoracic surgery; urology; vascular surgery; neurosurgery; gynecology; ophthalmology; ear, nose, and throat surgery; dental surgery; orthopedics; and plastic surgery) between the years 2014 and 2015. In May 2015, all intraoperative care and recovery areas were gathered and moved to a single location while a new hospital building was being opened.
The new protocol was coordinated by preoperative nurses. Their main responsibility was to meet patients' needs individually, prepare patients for surgery, and cooperate with other professionals in the patients' care. [31] The implementation of the new preoperative protocol led to an increase in the number of patients arriving at the hospital on the day of an operation and decreased the DOS cancellation rate significantly in cases where the "patient did not show up". The total DOS cancellation rate at the hospital was 4.7%. [9] 
Ethical approval
The University Committee on Research Ethics evaluated the ethical aspects of this research and stated that the research was scientifically justified (25/2014) . The university hospital granted permission to conduct the research (1/2015).
Data collection and analysis
This was a retrospective cross-sectional cost evaluation study. Data were collected from the hospital's invoicing system with the hospital account manager's assistance. The data were linked with DOS cancellation rates and reasons collected from an administrative database for surgical patients for the period from September 1, 2015 to May 31, 2016. [9] Costs of cancellations are reported in euros in terms of total waste and savings. The potential lost revenue for cancelled outpatient pediatric urology procedures averaged $4,802 per cancellation, with an estimated $500,000 in lost revenue during the 7-month study period. 
4,802 US dollars
15-20 US dollars/OR minute
Procedure prices
Mean cost prices of operative procedures were collected from the hospital's invoicing system for the year 2016 in euros. The price of a procedure is calculated as mean costs of similar procedures during one year. There is no profit in the price as the hospital works as a non-profit institution. The price of a single operation consists of anesthesia resources, recovery room, implants, surgeon, medicine, environment (OR + OR staff), special equipment (e.g., a surgery robot) and specialty specific equipment. The cost of a cancellation was defined as resources that were reserved for the scheduled surgery for a specific patient. The model of calculation was that in case of a DOS cancellation, those resources could not be used for other purposes. DOS cancellation costs were calculated from the total cost of a procedure as follows:
DOS cancellation cost = total cost of a procedure -saved unused products
Saved unused products = implants + medicine + specialty specific equipment DOS cancellation cost includes = anesthesia resources ± recovery room ± surgeon ± environment ± special equipment DOS cancellation costs were reported in 13 operative specialties in euros in means, total costs, and by cancellation reason during the nine-month study period. The invoicing system did not provide the procedure price in 33 cases. Missing data were replaced by specialty specific means of savings and costs.
RESULTS
Total costs of cancellations are presented in Regarding cancellation reasons (see Table 3 ), the most costly reason was patients' unsuitability for the planned operation 
DISCUSSION
The aim of this study was to measure the financial cost of DOS cancellations in a university hospital's 13 operative specialties after the hospital implemented an evidence based structured preoperative protocol. [9, 31] According to the results, DOS cancellations caused a financial loss of nearly a million euros during the nine-month study period. To the best of our knowledge, this is the first academic study to measure the financial costs of surgery cancellations in Finland, and it supports previous estimates of the financial costs of elective surgery cancellations. [5, 6] Several factors, such as country and specialty, are recognized to affect the costs of cancellations. [13] The mean cost of a cancellation was approximately 2,500 euros, which is approximately half the cost of a cancellation in the US. [33] [34] [35] By specialty, the cost of a single DOS cancellation was highest in cardiac and thoracic and vascular surgery and lowest in ophthalmology. By reason for cancellation, a major loss was related to hospital resources and patients' suitability for the planned surgery. This finding suggests that a cancellation rate under 2% may be achieved. DOS cancellations became less usual among many specialties but when total amount of cancellations was calculated in hospital-level, the result was distorted by the high frequency of cancellations in ophthalmic surgery. This was due to their process which was different from other specialties and did not include a preoperative visit to confirm the need of surgery. To use their OR resource effectively, they developed a system for rapid recruitment of additional patients for each day. During the study a new reporting system was created to support each department to further decrease their cancellations. Unfortunately, our study has no follow-up in this matter.
There are several limitations to this study, and the results are suggestive. As the data were collected from the hospital's invoicing system that is not originally designed for research purposes. However, the register may be seen as a reliable register including high quality data. It provides information that can be used for study purposes. To strengthen the analysis the assistance and participation of the hospital account manager was used. Financial causes of DOS cancellations are calculated as the mean costs of procedures over a year-long period. Procedure prices are limited in intraoperative care and do not include preoperative tests and care or postoperative care and hospitalization. In some cancellation cases a new patient may have been operated instead of a cancelled patient, but this was not considered in this study. Cancellation costs do not include any compensation paid to patients by the hospital. The reliability of this study might have been increased by using supportive data considering OR time used and minute-based costs, [13] as in previous studies. [32] [33] [34] However, reliable information about the use of OR time by operative specialty was not available for research purposes. The financial loss of DOS cancellations would best be measured in the standard manner using multiple supportive data sets.
The results of this study may be used to estimate the financial cost of DOS cancellations to organizations and to compare financial losses caused by elective surgery cancellations between different health care providers. Financial costs of DOS cancellations are a valid outcome measurement when setting goals and evaluating outcomes in a perioperative setting.
CONCLUSIONS
As a conclusion, DOS cancellations cause unnecessary wastage for health care organizations. Financial aspects should be followed and evaluated systematically by setting goals and providing continuing developments for optimizing health care expenses.
